Introduction
Steroid-free immunosuppression is a long-standing goal for immunosuppression following kidney transplantation [1] . Although the advent of calcineurin inhibitors (CNIs) permitted a marked reduction in steroid doses, steroidinduced morbidity-particularly hypertension, hyperlipidaemia and diabetes mellitus [2] -continue to be a major source of concern [3, 4] and steroid withdrawal or avoidance reduces the risk of cardiovascular events and cardiovascular mortality [5, 6] and steroid-related complications, such as cataracts and osteoporosis [5] .
Novel immunosuppressant agents have provided a new impetus to attempt aggressive steroid minimization, and increasingly, very early steroid discontinuation or complete steroid avoidance is being sought [7] . Results have been conflicting for using a steroid-free regimen comprising a proliferation signal inhibitor (everolimus or sirolimus) with CNI therapy and interleukin (IL)-2 receptor antibody (IL-2RA) induction [8] [9] [10] [11] . Using mycophenolic acid (MPA) and CNI therapy, complete steroid avoidance appears problematic [12] but steroid withdrawal within the first week post-transplantation may be feasible in patients who are not at high-immunological risk, if induction therapy is used [12] [13] [14] [15] . In the large CARMEN study, mycophenolate mofetil (MMF), tacrolimus and daclizumab induction with up to 500 mg bolus dose of methylprednisolone on the day of surgery for all patients and a 125 mg bolus on the second day for patients randomized to tacrolimus, MMF and steroids was associated with the same rate of biopsy-proven acute rejection (BPAR) at Month 6 as a regimen of MMF, tacrolimus and maintenance steroids with no induction (16.5% in both groups) [14] . The FREEDOM study, however, in which all 224 patients received IL-2RA induction, cyclosporine (CsA) and enteric-coated mycophenolate sodium (EC-MPS), reported a non-significantly higher 12-month rate of BPAR following steroid withdrawal at Day 7 versus maintenance steroids (29.6 versus 19.3%) [12] , although two smaller studies found no loss of efficacy following steroid withdrawal during Week 1 [13, 15] .
These results raise the question of whether more intensive MPA exposure in the immediate post-transplant period would be beneficial in the absence of maintenance steroid therapy. Early intensive EC-MPS dosing has been investigated within a steroid-containing regimen in the recent Optimyze trial, in which the 6-month incidence of BPAR was significantly lower in the intensified group versus standard EC-MPS dosing [16] . In that study, MPA exposure was significantly higher during Days 3-10 post-transplantation in patients receiving intensified dosing, with a corresponding lower level of inosine monophosphate dehydrogenase activity [17] . Elsewhere, the CLEAR study has shown that a higher proportion of patients given an increased dose of MMF (3 g/day instead of the conventional 2 g/day in combination with tacrolimus and prednisone) achieved higher MPA exposure at Day 5, with a trend to reduced acute rejection (suspected and treated) at Month 6 [18] . Short-term intensified MPA dosing within a steroid-free regimen may be a promising strategy following kidney transplantation. We report here the results of the DOMINOS (Intensified DOse of Myfortic INvestigation Open Study for Steroids avoidance) trial, which was undertaken with the objective of comparing the efficacy and tolerability of a steroid avoidance regimen versus maintenance steroid therapy in de novo kidney transplant patients receiving CsA and early intensified EC-MPS dosing.
Materials and methods

Study design and conduct
DOMINOS was a multicentre, randomized, parallel group, open-label 6-month trial conducted at 14 transplant centres in France between April 2007 and March 2009. The objective was to evaluate whether steroid avoidance with an intensified EC-MPS dosing regimen would preserve efficacy compared to full-dose maintenance steroids while providing a benefit in terms of tolerability. The study was undertaken in accordance with the Declaration of Helsinki and the ICH Harmonised Tripartite Guidelines for Good Clinical Practice. All patients provided written informed consent following ethical approval from the Comité de Protection des Personnes (Poitiers).
Participants
Male or female patients aged 18-70 years were eligible to enter the study if they received a first or second kidney transplant from a deceased, living-related or living-unrelated donor and were scheduled to receive IL-2RA induction with CsA maintenance therapy. Patients were required to have panel-reactive antibodies (PRA) ≤20% at the last pre-transplant assessment. The key criteria for non-inclusion were receipt of a multiorgan transplant (including two kidneys) or a previous non-renal transplant, graft donation after cardiac death and cold ischaemia time >36 h.
Study medication
Patients were randomized in a 1:1 ratio on Day 1 using a block size of 4 with no stratification by the contract research organization using a validated automated system, with sealed envelopes distributed to participating centres. After providing informed consent, patients were allocated a randomization number and the investigator opened the corresponding envelope. EC-MPS was administered at a dose of 2160 mg/day in two divided doses to Week 6 post-transplantation, after which the dose was reduced to the standard 1440 mg/day.
All patients received IL-2RA induction according to the local centre protocol. CsA was initiated within 24 h of transplantation at a dose of 8 mg/kg/day in two divided doses, subsequently adjusted according to the CsA concentration at 2 h post-dose (C 2 ) based on the following targets: Month 1, 1200 ng/mL (range 1100-1300 ng/mL); Months 2-3, 900ng/ mL (800-1000 ng/mL) and Months 4-6, 700 ng/mL (600-800 ng/mL). CsA C 2 concentration was measured locally.
Patients in both treatment arms received a total perioperative dose of 500 mg intravenous methylprednisolone, given as a bolus dose of 250 mg on Day −1 and Day 0 (the day of transplantation). Patients in the steroid-avoidance group then received no further steroids unless clinically mandated. Patients in the control group also received a bolus dose of 250 mg on Day −1 and Day 0, then received oral prednisone from Day 1 as follows: 1 mg/kg/day (maximum 80 mg/day) for 1 week, then 0.5 mg/kg/day (maximum 40 mg/day) for 1 week, which was then decreased by 5 mg/week until a dose of 20 mg/day was reached and then decreased by 2.5 mg/week until the dose was 10 mg/day. The dose was maintained at 10 mg/day for 4 weeks and at least until Month 3 posttransplantation. Subsequently, if protocol biopsy findings at Month 3 were negative (local reading), the dose was decreased by 2.5 mg/15 days until steroids were stopped. If biopsy at Month 3 showed signs of subclinical rejection, steroid therapy was continued at a dose of 10 mg/day.
A kidney biopsy was performed in the event of suspected rejection, using the updated Banff 1997 classification [19, 20] . Protocol biopsy was performed at Month 3. A blinded central review of all biopsy samples was performed at the end of study.
Cytomegalovirus (CMV) prophylaxis consisting of valganciclovir or valaciclovir was mandatory for at least the first 3 months post-transplantation if the donor was positive and the recipient negative for anti-CMV IgG. The decision to administer CMV prophylaxis to other patients was made according to centre practice. The same regimen was to be administered to all patients from a single centre. All patients received Pneumocystis jiroveci prophylaxis.
Primary and secondary end points
The primary end point was the incidence of treatment failure at Month 6, defined as clinical BPAR (central review), graft loss, death or loss to follow-up. Subclinical BPAR from the protocol-defined biopsies at Month 3 were excluded. Secondary efficacy end points were the incidence and severity of clinical BPAR at Months 3 and 6, graft histology on the 3-month protocol biopsy (central review), treatment failure at Month 3, graft and patient survival at Months 3 and 6, renal function at Months 3 and 6 estimated by serum creatinine and calculated creatinine clearance (Cockcroft-Gault formula [21] , adjusted for body surface area) and estimated glomerular filtration rate (eGFR; Nankivell formula [22] ) and renal function at Months 3 and 6 in patients with delayed graft function (DGF, defined as requirement for dialysis during the first posttransplant week) or immediate graft function. Safety end points were all adverse events, considered to be related to EC-MPS or steroid therapy by the investigator, laboratory results, dose reduction or discontinuation of EC-MPS and cumulative steroid dose.
Evaluation
Study visits took place on Days 1, 3, 5 and 7, Weeks 2 and 4 and Months 3 and 6. Laboratory tests (including haematology and viral serology) were performed at all visits other than Day 3. CsA C 2 level was measured at all visits from Day 3 onwards.
Statistical methods
The primary analysis was to demonstrate non-inferiority of the steroidavoidance group versus the control group for the primary efficacy variable, i.e. treatment failure rate at Month 6. The sample size calculation was based on a non-inferiority margin of 20%, which was considered indicative of comparable efficacy in this setting. It was assumed that the control group would show a treatment failure rate of 20%, based on published data [23] [24] [25] , while the steroid-avoidance group would have a slightly higher rate of treatment failure (23%) largely due to BPAR. The calculation showed that 105 patients per treatment arm would provide 85% power to demonstrate non-inferiority using a twosided alpha level of 0.05 (nQuery Advisor V4.0; Statistical Solutions Ltd, Cork, Ireland).
Two-sided 95% confidence intervals (CIs) were calculated for the difference in treatment rate between the steroid-avoidance and control groups using the Wald method, a simple asymptotic method without continuity correction. Non-inferiority was demonstrated if the upper limit of the CI for this difference was <20% for both the intent-to-treat (ITT) and per protocol (PP) analysis sets. The ITT analysis set was defined as all randomized patients who received at least one dose of study medication.
The PP analysis set comprised all ITT patients who completed the 6-month study without any major protocol violations. Major protocol deviations constituted not being treated as randomized, not receiving IL-2RA induction, PRA >20%, stopping steroids before Month 3 or temporary discontinuation of steroids for >5 days in the control group or taking oral steroids without any reason or clinical event in the steroid-avoidance group. The safety analysis set was defined as all randomized patients who received one or more doses of study medication and then provided at least one safety assessment.
Comparisons between treatment groups were made using the Fisher's exact test for categorical variables and the Wilcoxon rank-sum test for continuous variables. Event rates at Months 3 and 6 were compared by Fisher's exact and chi-square tests. No procedure was used to control the overall Type 1 error rate for secondary end points since these were nonprimary analyses. Missing data were not imputed. No interim analyses were planned or performed and no stopping criteria were pre-defined. All statistical analyses were performed using SAS 8.2 software (SAS Institute, Cary, NC).
Results
Patient population
In total, 222 patients were randomized and formed the ITT and safety analysis sets. One patient in the steroidavoidance group was excluded from the PP analysis set for taking oral steroids without any reason or clinical event and two control patients were excluded because they were not treated as randomized. Fifty-six patients discontinued the 6-month study prematurely (25.2%), most frequently due to adverse events (n = 20) or unsatisfactory therapeutic effect as defined by the investigator (n = 20), such that 166 patients completed the study (74.8%) (Figure 1 ).
Demographics and baseline characteristics were similar between treatment groups (Table 1) . Over 90% of patients were white, and more than half were male. Mean age was 51 years. All but one patient in each group had PRA ≤10%. An 'old-for-old' transplant (recipient and donor ≥60 years) was performed in 14.4% of patients. Mean 
Immunosuppression
Mean EC-MPS dose was similar in the steroid-avoidance and control groups throughout the study (Table 2) . Excluding protocol-stipulated dose changes, the proportion of patients requiring one or more EC-MPS dose decrease was 38.4% (43/112) and 43.6% (48/110) among patients randomized to the steroid-avoidance or control groups, respectively. Of these 91 non-protocol dose decreases, 74 (81.3%) were due to adverse events or laboratory abnormalities. EC-MPS was discontinued for ≥7 days in 4.5% of steroid-avoidance patients (n = 5) versus 9.1% of control patients (n = 10) and for ≥3 days in 6.3% of steroid-avoidance patients versus 13.6% of controls (P = 0.066). In total, there were eight discontinuations of EC-MPS of any duration in the steroid-avoidance group compared to 36 discontinuations in the control arm (P = 0.066). Among patients with at least one momentary discontinuation, the mean duration of discontinuation was 13.9 ± 17.3 days in the steroid-avoidance group versus 32.7 ± 53.5 days in controls. Mean CsA C 2 concentration was similar between groups ( Table 2. ). At Months 1 and 3, mean C 2 concentration was towards the upper end of the 1100-1300 ng/mL target range in both groups and slightly exceeded the target range (600-800 ng/mL) in both groups at Month 6.
The proportion of patients assigned to the steroidavoidance group who received oral steroids was 23.8% (24/101) at Month 1, 30.8% (28/91) at Month 3 and 38.1% (32/84) at Month 6. The mean (SD) cumulative oral dose of steroids was 516 (761) mg in the steroidavoidance group and 2234 (692) mg in the control arm.
Of the 52 patients in the steroid-avoidance group who received steroids at any point after randomization, the reason was treatment of BPAR rejection in 25 patients, suspected rejection (not confirmed) in 20 patients, response to an adverse event or laboratory abnormality in 6 patients (for example, to compensate for a decrease in the dose of another immunosuppressant) and 'other' reasons in the final patient. The demographics and baseline characteristics of the 52 patients in whom steroids were initiated at some point during the study did not differ from the overall steroid-avoidance cohort, including recipient gender/age/race, end-stage renal disease, PRA, donor gender/age/type or cold ischaemia time. In the control arm, 71/82 patients (86.6%) were receiving steroids at Month 6.
Efficacy
The incidence of the primary efficacy variable, treatment failure at Month 6, was 17.9% (20/112) in the steroidavoidance arm and 14.5% (16/110) in the control arm. These incidences were not statistically different (P = 0.50). The between-group difference was 3.4% (95% CI −6.3 to 13.1), such that the steroid-avoidance group was Per os only, for all patients including those in whom study drug was discontinued prematurely.
non-inferior to the control group for the primary end point (P = 0.47 for superiority testing , although the rate of BPAR was numerically higher in the steroid-avoidance group at both time points (Table 3) . No patient in the steroid-avoidance arm experienced BPAR greater than Grade IIA; one patient in the control arm had an episode of Grade IIB rejection. A 3-month protocol biopsy was performed in 59 patients in the steroid-avoidance group and 66 patients in the control arm, with adequate samples available in 52 and 60 patients, respectively. Subclinical rejection was observed in 12/52 (23.1%) and 17/60 (28.3%) samples in the steroid-avoidance and control groups, with borderline lesions in 2/52 (3.8%) and 5/60 (8.3%) cases, respectively. Kaplan-Meier estimates indicated the probability of remaining free from both BPAR and subclinical rejection to be 75.6% in the steroid-avoidance group versus 80.0% in the control arm at Month 6 (P = 0.392, log-rank test).
No graft was lost due to rejection. There were five graft losses in the steroid-avoidance arm (three renal artery thrombosis, one renal vein thrombosis and one infarcted kidney) and three in the control arm [one renal artery thrombosis, one renal artery aneurysm and one false aneurysm (mycotic)]. Two patients died in the steroidavoidance group (cardiac arrest and mesenteric ischaemia) while receiving study treatment, and a third patient died due to renal vein thrombosis 2 days after discontinuing study medication. Five patients died in the control group due to inhalation after vomiting, pulmonary embolism, sudden death (one possibly due to cardiac causes, the other of unknown causes) and death of unknown origin at home. DGF occurred in 25 steroid-avoidance patients (22.3%) and 24 controls (21.8%) (P = 0.93). Immediate graft function was reported in 87 steroid-avoidance patients (77.6%) and 86 controls (78.2%).
Mean creatinine clearance (Cockcroft-Gault) at Month 1 was 46 ± 15 mL/min/1.73m 2 in the steroid-avoidance arm and 55 ± 23 mL/min/1.73m 2 in controls (P = 0.007) but was similar between groups at Months 3 and 6 (Table 4) . eGFR using the Nankivell formula was also significantly different between groups only at Month 1 (53 ± 16 versus 59 ± 22 mL/min/1.73m 2 , P = 0.042). No difference was observed in patients with immediate graft function or DGF between the two groups in terms of creatinine clearance or eGFR at Months 3 and 6 (Table 4) . Mean urine protein/creatinine ratio was similar between treatment groups at Months 1, 3 and 6 (Table 4) .
Adverse events
All patients reported one or more adverse event within the 6-month study period, with a total of 971 and 1009 adverse events recorded in the steroid-avoidance and control arms, respectively (Table 5 ). In total, 64.9% of patients (144/222) experienced one or more adverse event with a suspected relation to EC-MPS, of which the most frequent were anaemia [36/ (Table 5) . During the 6-week period of intensified EC-MPS dosing, 98/222 patients (44.1%) experienced one or more adverse event with a suspected relation to EC-MPS, leading to discontinuation in one patient, and 13/222 (5.9%) experienced one or more serious adverse event during this period.
The incidence of infections and serious infections at Month 6 did not differ significantly between groups [23/ 112 (20.5%) in the steroid-avoidance arm versus 32/110 (29.1%) in controls, P = 0.14]. CMV infection (as reported by investigators) was less frequent in the steroid-avoidance group [12.5% (14/112) versus 22.7% (25/110) in the control group, P = 0.045]. Two cases of CMV disease were reported, one in each treatment group.
Discontinuation due to adverse events occurred in 15.2% (17/112) and 17.3% (19/110) of patients in the steroid-avoidance and control groups, respectively (P = 0.67). The most frequent adverse events leading to study drug discontinuation were graft dysfunction (two in each group), complications of the transplanted kidney (2/112 steroid-avoidance patients, 1/110 control patient), gingival hyperplasia (2/112 steroid-avoidance patients, 1/110 control patient) and sudden death (3/110 control patients). Four patients (4/222, 1.8%) discontinued due to adverse events with a suspected relation to EC-MPS.
A similar proportion of patients in both groups received concomitant anti-diabetic therapy, anti-hypertensive medication, lipid-lowering therapy and anti-infectives during the study (data not shown). There was no difference in the incidence of new-onset diabetes mellitus as reported as an ) in the steroid-avoidance and control groups, respectively (P = 0.065). Systolic and diastolic blood pressure were similar between groups at Month 6. Mean body mass index was non-significantly lower in the steroid-avoidance group compared to controls at Month 6: 24.3 ± 3.6 versus 25.8 ± 4.8 kg/m 2 (P = 0.08). In absolute terms, the steroid-avoidance cohort showed no change in body mass index over the 6-month study period (+0.2 ± 1.6 kg/m 2 , P = 0.20 versus baseline), while the control group experienced an increase (+0.6 ± 2.0 kg/m 2 , P = 0.002 versus baseline).
Haematology and liver function parameters showed no differences between treatment arms other than a nonsignificant trend to higher haemoglobin in the steroidavoidance group at Month 6 (mean 12.5 ± 1.6 versus 12.1 ± 1.6 g/dL in the control arm, P = 0.07).
Discussion
Results from this multicentre randomized study suggest that oral steroid therapy can be avoided in low-immunological risk kidney transplant patients given a regimen of early intensified EC-MPS dosing, CNI and IL-2RA induction without compromising efficacy compared to a maintenance steroid regimen. However, almost half of the patients (52/110) required steroids at some point during the 6-month study period. The steroid-avoidance group experienced a numerically lower rate of serious infections and fewer CMV infections versus control patients, but it should be noted that intensified EC-MPS therapy with maintenance steroids may have led to overimmunosuppression in the control arm. No cases of BK virus nephropathy were observed.
The incidence of BPAR (9% overall at Month 6) was lower than that reported in previous studies in which standard-dose EC-MPS was administered with CsA and steroids [26, 27] , most likely due to the protocol-specified use of IL-2RA induction and exclusion of patients with high PRA level or an extended cold ischaemia time. Notably, the incidence and severity of BPAR indicated a similar immunosuppressive potency in both treatment groups. Protocol biopsies at Month 3 confirmed that inflammatory lesions suggestive of subclinical rejection occurred with a comparable frequency with or without maintenance steroids. While almost 1 in 10 patients discontinued due to unsatisfactory therapeutic effect, there were no differences between treatment groups. These findings are encouraging in the light of a recent meta-analysis of 34 trials in which steroid avoidance or withdrawal was associated with an increased risk of rejection (relative risk 1.56, P < 0.001) and reduced creatinine clearance versus maintenance steroid regimens [28] . In the current study, no difference in renal function was observed between groups after Month 1. We are not clear why a difference was observed at Month 1 since the rate and severity of BPAR were similar between groups, as well as CsA exposure levels.
The steroid-avoidance regimen exhibited a more favourable safety profile. This is not unexpected since use of intensified EC-MPS therapy with maintenance steroids using conventional dosing represents a relatively high intensity of immunosuppression which would not have been the case if the control arm had received a standard EC-MPS regimen with maintenance steroids. Here, the overall rate of adverse events and serious adverse events was similar between groups, but total incidence of steroidrelated adverse events and steroid-related serious events of any type were both significantly lower in the steroidavoidance patients (Table 5) , as might be expected. Common steroid-related adverse events (hyperglycaemia, dyslipidaemia, urinary tract infection and diabetes mellitus) were numerically less frequent in the steroid-avoidance group. Steroid-related infections and CMV infection were less frequent in the steroid-avoidance group, although it should be taken into account that use of CMV prophylaxis may not have been homogeneous between centres and that CMV infection was reported as an adverse event without pre-specified definitions and thus vulnerable to bias. It should also be remembered that all patients received the intensified EC-MPS regimen so no comparison versus standard EC-MPS dosing is possible, but a direct effect of steroids on viral replication is suspected. With infection reported to be the second most common cause of death with a functioning graft [29, 30] , an immunosuppressive regimen that can reduce infection rates-and particularly CMV infection [31] -without loss of efficacy is an attractive option. The hyperglycaemic effect of long-term steroid therapy is also of concern in view of the impact of new-onset diabetes on mortality after kidney transplantation [32, 33] . In our population, hyperglycaemia and diabetes mellitus were reported less frequently in the steroid-avoidance group despite similar use of anti-diabetic therapy, but the differences were not statistically significant. Reported elsewhere, 1-year [12] and 5-year [10] follow-up data have shown a reduced requirement for hypoglycaemic treatment following very early steroid withdrawal, while a meta-analysis involving 5537 patients found the rate of new-onset diabetes to be significantly reduced with steroid avoidance or withdrawal [28] . A regimen of early intensified EC-MPS dosing with CsA and induction therapy with steroid avoidance may offer a useful alternative to a tacrolimus-steroids-MPA regimen, particularly in patients at high risk of diabetes [34] or BK virus infection [35] [36] [37] .
As reported previously in the Optimyze study [16] , the early intensified EC-MPS dosing regimen was associated with a low rate of temporary discontinuations and <2% of patients discontinuing due to adverse events with a suspected relation to EC-MPS. Recent evidence that MMF dose shows a non-linear relationship with MPA bioavailability in CNI-treated patients, with relative bioavailability decreasing at higher doses [38] , may help to explain the low requirement for discontinuation despite the increased dosing level. The differences in EC-MPS discontinuations between the two treatment arms most likely reflect greater reluctance of investigators to withdraw MPA therapy in patients randomized to steroid avoidance and is not regarded as clinically significant.
Certain features of the study may influence the design of future trials. Firstly, the study was open-labelled since the pill burden in the period immediately after transplantation was considered too high to justify administration of the necessary matched placebo. Inevitably, this has the potential to introduce bias. Secondly, the duration of the study (6 months) was relatively short and thus unable to assess the longer-term metabolic effects of steroid therapy. Thirdly, patients at high-immunological risk (i.e. PRA ≥20% or extended cold ischaemia time) were excluded from the study population, but the low rate of rejection in this population suggests that steroid avoidance with early intensified EC-MPS dosing could be explored in higher risk individuals. As in other trials of steroid avoidance using MPA and CNI [8, [12] [13] [14] [15] 39] , intravenous steroids were administered and appear necessary [12] . In studies of later steroid withdrawal (3-4 months post-transplant) [40, 41] in which IL-2RA induction was not used, the efficacy of MPA and CNI therapy following steroid withdrawal was less convincing and induction therapy would seem advisable. It should also be remembered that at any one time, approximately one quarter of patients randomized to the steroid-avoidance group were receiving steroid therapy. Fourthly, the steroid dosing in the control may not represent current practice in which lower doses may be employed. The doses used here were based on regimens used at the time, the protocol was developed. Lastly, in hindsight, the non-inferiority margin of 20% was too high, but even using the smaller margin of 15%, non-inferiority would still have been demonstrated since the upper limit of the 95% CI for the primary end point was 13.1%. Lastly, future trials could assess a regimen of intensified EC-MPS with steroid avoidance versus standard EC-MPS dosing with a modern regimen of maintenance steroids, a comparison that might more accurately reflect likely strategies in current clinical practice.
In conclusion, a regimen of early intensified EC-MPS dosing with CNI and IL-2RA induction may permit steroid avoidance in adult kidney transplant patients at low-immunological risk without compromising efficacy and is associated with a significant reduction in the risk of CMV infection when compared to intensified EC-MPS dosing with maintenance steroids. A benefit in terms of the metabolic and cardiovascular complications of steroids was not observed, but since these develop progressively, this 6-month study was unlikely to have revealed the differences that have been reported after 5 years of steroid-free immunosuppression [10] .
